Objective: A subset of patients with recurrent ovarian cancer (ROC) may benefit from antiestrogen therapy with higher response rates reported in tumors that are strongly estrogen receptor (ER)-positive (ER + ). PARAGON is a basket trial that incorporates 7 phase 2 trials investigating the activity of anastrozole in patients with ER + and/or progesterone receptor (PR)-positive (PR + ) recurrent/metastatic gynecological cancers. Methods: Postmenopausal women with ER + and/or PR + ROC, who were asymptomatic and had cancer antigen 125 (CA125) progression after response to first line chemotherapy, where chemotherapy was not clinically indicated. Patients received anastrozole 1 mg daily until progression or unacceptable toxicity. Results: Fifty-four patients were enrolled (52 evaluable). Clinical benefit at three months (primary endpoint) was observed in 18 patients (34.6%; 95% confidence interval [CI]=23%-48%). Median progression-free survival (PFS) was 2.7 months (95% CI=2.1-3.1). The median duration of clinical benefit was 6.5 months (95% CI=2.8-11.7). Most patients progressed within 6 months of starting anastrozole but 12 (22%) continued treatment for longer than 6
INTRODUCTION
There is evidence that a subset of patients with recurrent epithelial ovarian cancer (EOC), including fallopian tube and primary peritoneal cancers, may benefit from treatment with an antiestrogen [1] [2] [3] . The reported frequency of hormone receptor expression in EOC is variable and ranges from 6% to 77% for estrogen receptor (ESR1, ER) and from 26% to 43% for progesterone receptor (PR) [1, 2, [4] [5] [6] [7] [8] [9] [10] . A large study of almost 3,000 patients with EOC, reported that 67% were ER-positive (ER + ) and 34% PR-positive (PR + ), representing the most reliable data on ER/PR-positivity in EOC to date [8] . In contrast to breast cancer, the prognostic and predictive values of ER/PR status have not been established. Estrogen has been demonstrated to stimulate the growth of ovarian tumor cell lines expressing estrogen receptors and can be blocked by tamoxifen [11] [12] [13] .
Endocrine therapy is widely used in the clinic in patients with recurrent ovarian cancer (ROC) with variable response rates reported. A Cochrane systematic review of tamoxifen in ROC reported a 10% objective response rate (ORR) and 32% disease stabilization rate, unselected by hormone-receptor status [1] . These studies comprised a heterogenous group of patients including asymptomatic patients with a rising cancer antigen 125 (CA125) as well as those with chemotherapy-resistant ROC after multiple lines of chemotherapy. A Gynecologic Oncology Group (GOG) phase 2 study reported a 13% ORR with tamoxifen in patients with platinum-resistant EOC with median response duration of 4.4 months [4, 14] . GOG 198 compared tamoxifen versus thalidomide in women with ROC with Gynecologic Cancer InterGroup (GCIG)-defined CA125 progression after first-line chemotherapy. Median progression-free survival (PFS) in the thalidomide vs tamoxifen groups was 3.2 months vs 4.5 months, suggesting a greater benefit with tamoxifen [15] .
There have been several phase 2 trials of aromatase inhibitors (AIs) in ROC with mixed results reported. Bowman reported a study of 60 unselected patients with ROC who received letrozole (50 evaluable), and found that ten had stable disease for at least 3 months by Response Evaluation Criteria in Solid Tumors (RECIST), but no responses were seen [6] . Another study of letrozole included patients with ER + ROC with GCIG CA125 progression, 46% after at least two lines of treatment and 43% with platinum-resistant disease [2] . ORRs were observed in 17% by CA125 criteria (n=42) and 9% (n=33) by RECIST. Subgroup analysis indicated higher response rates in patients with high ER histoscores. The CA125 response rate was 0% in patients with tumors with histoscores of 150-199, 12% with histoscores 200-249, and 33% with histoscores 250-300 [2] .
A large European Organisation for Research and Treatment of Cancer (EORTC) trial found that there was no advantage in commencing chemotherapy early in asymptomatic patients with CA125 progression alone [16] . Most patients continue to have CA125 monitoring after completing chemotherapy, although treatment is not routinely commenced in asymptomatic patients with CA125 progression and small volume disease. These patients may be offered endocrine therapy or a 'watch and wait' approach with further chemotherapy commenced when they become symptomatic.
Hormonal therapy is an attractive option in asymptomatic patients with CA125 progression as it is generally well tolerated, can be administered for prolonged periods, and may delay the time to subsequent chemotherapy. However, there is uncertainty regarding the proportion of patients who derive clinical benefit and ORRs have been variable probably reflecting the heterogeneous population treated. In a retrospective study of 56 ROC with asymptomatic, low-volume disease treated with tamoxifen, 42% and 19% remained on tamoxifen for >6 and >12 months, respectively, although it remains uncertain whether the delay to chemotherapy is due to benefit from tamoxifen or reflects more indolent disease [17] . Furthermore, it is unclear whether the degree of ER and PR-positivity predicts response to antiestrogens. AIs have higher response rates than tamoxifen in postmenopausal women with hormone dependent breast cancer [5] and there is preliminary data to suggest that they are also active in EOC with higher responses rates correlating with higher ER histoscores [2, 6] .
PARAGON is an investigator-initiated single arm open-label multicentre phase 2 trial, designed to evaluate the activity of anastrozole in postmenopausal patients with a wide range of ER + and/or PR + , recurrent or metastatic gynecological tumors. Seven separate prospective phase 2 studies were included within this basket protocol and we report the study that included asymptomatic patients with ROC and CA125 progression.
MATERIALS AND METHODS
Anastrozole (1 mg per oral daily) was administered in asymptomatic women with EOC (including primary peritoneal cancers and cancers of the fallopian tube) with GCIG defined CA125 progression [18] . Patients were treated until disease progression, based on either CA125 or RECIST v1.1 criteria, unacceptable toxicity or physician/patient preference.
Eligible patients were postmenopausal women who had either ER + and/or PR + tumors by immuno-histochemical staining, based on local assessment by pathologists, with at least 10% of cells staining positive for ER and/or PR. A tumor specimen was requested for central confirmation of ER and PR expression. Patients with measurable disease (by RECIST) were allowed to participate, but the protocol stipulated that they should have small volume recurrence and no clinical indication to commence chemotherapy within the next 3 months; age ≥18; life expectancy >3 months, Eastern Cooperative Oncology Group (ECOG) performance status of 0-2 and no previous endocrine treatment.
Assessments
Baseline evaluation included history, physical examination, ECOG performance status, routine blood tests, CA125, computed tomography (CT) abdomen and pelvis (with CT chest, if pulmonary metastases were present) and quality of life (QoL) forms were required within once a month for the first 3 months, and then three-monthly thereafter until progression.
At study entry, investigators nominated response assessment according to either GCIG CA125 or RECIST v1.1 (if measurable target lesion was present). A response based on GCIG CA125 was defined as at least a 50% reduction in CA125 levels from a pre-treatment sample. The response must have been confirmed and maintained for at least 28 days. Patients could be evaluated according to CA125 response criteria only if they had pre-treatment sample that was at least twice the upper limit of normal and within 2 weeks prior to starting treatment [18] . We assessed adverse events using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE), version 4.0.
Study objectives
The primary objective of the PARAGON trial was to determine the clinical benefit rate (CBR) at 3 months (i.e. partial/complete response/stable disease). Response was determined either by RECIST v1.1 criteria and/or by GCIG CA125 criteria if no measureable disease was present at baseline [18, 19] . Secondary objectives included PFS, response duration, QoL and toxicity. QoL was assessed using the EORTC Quality of Life Questionnaire Core 30 (QLQ-C30) and Functional Assessment of Cancer Therapy-Endocrine Symptoms (FACT-ES) subscale. The exploratory endpoint was to determine the association between ER histoscores and CBR.
Study conduct
The PARAGON study was coordinated by the National Health and Medical Research Council (NHMRC) Clinical Trials Centre, University of Sydney, in collaboration with Australian New Zealand Gynaecological Oncology Group (ANZGOG). Anastrozole was supplied by Astra Zeneca. This study was conducted according to the principles of the Declaration of Helsinki and was prospectively registered (ACTRN12610000796088).
Tissue microarray construction and immunohistochemical staining for ER and PR
Formalin-fixed paraffin-embedded tumor tissue was sent to a central reference laboratory for confirmation and quantitation of hormone receptor status. The study pathologist selected representative areas for coring from haematoxylin and eosin stained sections of diagnostic tumor blocks. Duplicate 1 mm cores were taken from each donor block and assembled in a recipient paraffin block by using a manual precision instrument (MTA-1; Beecher Instrument, Sun Prairie, Wisconsin, USA). Endometrium (positive control) and spleen (negative control) were included in each array. Microarray sections (4 μm) were mounted on Superfrost Plus microscope slides and dried at 37°C for 72 hours before staining.
Immunohistochemical staining using primary antibodies to ER (Ventana SP1, 1 μg/mL) and PR (Ventana 1E2, 1 μg/mL) was performed using a Ventana Benchmark Ultra autostainer according to the manufacturer' instructions (Ventana Medical Systems Inc., Tucson, Arizona, USA), visualized with diaminobenzidine and counterstained with hematoxylin. Staining was evaluated by two observers blinded to treatment response (JS and CM). Consensus scores were reported. ER positivity was based on nuclear staining intensity, define as 0=negative, 1= weak, 1.5-2= moderate, and 3= strong (see Supplementary Fig. 1) ; and a histoscore were determined for each core. The histoscore was the product of the percentage of the tumor within the core that had positive nuclear staining and the staining intensity (range, 0-300). The mean histoscore and staining intensity were determined for duplicate cores when present.
Statistical consideration
The primary endpoint was the CBR at 3 months. The study had a stopping rule to allow early termination if there was lack of efficacy. A pre-planned interim analysis after 25 evaluable subjects who had been on study for at least 3 months and received at least 2 weeks of treatment was reviewed by the Independent Data and Safety Monitoring Committee (IDSMC). The IDSMC recommended continued recruitment until a total of 50 patients.
Based on a literature review on hormonal therapies, the expected CBR at 3 months in asymptomatic EOC patients with rising CA125 was 25%. A sample size of up to 50 patients was selected providing that at least 3 patients in the first 25 patients treated experienced a clinical benefit (i.e., minimum number of responses required to be consistent with the expected CBR).
Analysis of efficacy (overall response, or clinical benefit) was performed using the proportion of patients who responded, with a 95% confidence interval (CI) for the estimates. These rates were based on both all patients receiving anastrozole for at least 2 weeks (intention-totreat population) as well as patients who had been on study for at least 4 weeks (evaluable for response). Toxicity analyses were evaluated by treatment received. All comparisons were 2-tailed with a nominal significance level of 0.05. Analyses of PFS and duration of clinical benefit used time-to-event methods, with Kaplan-Meier survival curves constructed for graphical display, and unadjusted log-rank tests used where appropriate. Death from any cause was considered an event. 95% CIs for proportions were constructed by using the modified Wilson method [20] . The conditional binomial exact test was used to test for association between binary variables and the Cochran-Armitage test (exact) used to test for trend among binomial proportions across levels of an ordinal explanatory variable. For QoL, to compare baseline and on-study scores, changes from baseline to each time-point were calculated and paired t-tests were performed. In addition, change scores between baseline and on-study averaged scores were also computed and assessed using one-sample t-tests. Linear regression was used to compare changes in QoL scores between patients achieving a 3-month clinical benefit and those who progressed, with adjustment for the baseline score.
RESULTS

Patient characteristics
Eligible patients (n=54) with asymptomatic GCIG defined CA125 progression were recruited from 17 trial centers across Australia and 1 from Belgium, from February 2012 to November 2014. The mean age was 65 years (range, 38-88). About 70% of patients had a treatment free interval (TFI) of at least 6 months at study entry. CA125 was nominated as the method of disease assessment for clinical benefit in 37 patients (69%) as no measurable disease was present at baseline. Thirty-one percent had small volume measurable disease (based on RECIST v1.1) at baseline and were deemed eligible for the study. Thirty-nine out of 54 patients had sufficient tissue for central pathology review, with the remainder based on pathology reports. The majority were high grade serous carcinoma. Relevant demographic details are listed in Table 1 . 2.7 months (n=17; 95% CI=1.9-4.5) and 3.4 months respectively (n=20; 95% CI=2.4-9.2, Fig. 2) . The median duration of clinical benefit was 6.5 months (95% CI=2.8-11.7, Fig. 3) .
Antitumor activity
CBR was 46.7% (95% CI=24.8%-69.9%) (7/15 evaluable) in patients with measurable disease at baseline, and 29.7% (95% CI=17.5-45.8%) (11/37) in patients with non-measurable disease. The median PFS in patients who had measurable disease by RECIST was 3.4 months (95% CI=2.1-6.3) and 2.7 months (95% CI=1.9-2.9) in those with non-measurable disease. 
ER and PR staining and clinical benefit
Overall, 52 patients had ER assessed and were all confirmed to be ER + . Fifty patients were evaluable for CBR at 3 months. There was no statistical significant difference in CBR and PFS by percentage of tumor stained ER-positivity. The median PFS in these groups is shown in Fig. 4 .
Tumor blocks were available and suitable for inclusion in a tissue microarray (TMA), for 30 patients ( Table 1) . Twenty-eight patients were evaluable for CBR at 3 months. CBR of patients with ER histoscores of 0-100 (n=8) was 25%, 101-200 (n=12) was 50% and 201-300 (n=8) was 25%. The median PFS of patients with histoscores of 0-100 was 2.1 months (n=9; 95% CI=1.6-5.2); 101-200 was 6.1 months (n=13; 95% CI=1.9-11.8) and 201-300 was 2.7 months (n=8; 95% CI=1.1-9.3; p=0.25). The 3-month CBR was 33% (1/3) in weak; 37.5% (6/16) in moderate and 25.0% (2/8) in strong ER staining intensity. The median PFS was 2.1 (n=3; 95% CI=2.0-6.2) months; 2.7 (n=18; 95% CI=1.9-11.0) months and 2.7 (n=8; 95% CI=1.1-9.3) months in patients with weak, moderate and strong ER staining.
The 3-month CBR was 41% in PR + evaluable patients (7/17) and 27.3% in PR − patients (3/11). The median PFS was slightly longer in PR + patients (2.7 [95% CI=2.1-6.2] months vs. 2.4 [95% CI=1.2-6.1] months). Of interest, one patient who had the high PR and ER scores was still on treatment and was progression-free at 49 months.
Twelve out of 54 patients (22%) received anastrozole for at least 6 months. Of these, 9 had tumors that were both ER + and PR + . The characteristics of these patients are shown in Table 2 . Most of these patients also had a longer TFI (>12 months) at enrolment, high-grade disease, moderate to strong ER intensity/histoscores and are PR+. 
Safety
Anastrozole was generally well tolerated. Most common adverse events were grade 1 which included fatigue, hot flushes and arthralgia. Grade 1, 2 and 3 arthralgia were reported in 18 (33.3%), 5 (9.3%) and 2 patients (3.7%) respectively. Other grade 3 adverse events that were thought to be disease related include vomiting (3 patients), nausea (2 patients) and anorexia (1 patient). Only 2 patients ceased treatment due to treatment-related adverse events (1 patient stopped at 8 weeks due to arthralgia, headaches and hot flushes and another stopped at 18 weeks due to arthralgia).
QoL
Compliance with completing QoL questionnaires was high: 96% completed QLQ-C30 questionnaires at baseline (51/ 53 patients), 87% at 1 month (45/ 52), 98% at 2 months (41/42) and 96% at 3 months (27/ 28); 46 completed QoL at both baseline and follow-up.
There were no clinically meaningful and statistically significant changes from baseline in the QLQ-C30 functioning scales at any time point or averaged over the total time on-study. Emotional and cognitive scores changed little from baseline, while patients' physical, role and social functioning scores deteriorated by averages of 2.6 points (95% CI=−6.6, 1.5), 3.1 (95% CI=−7.7, 1.6) and 1.6 points (95% CI=−5.4, 2.3) respectively. The global health scores decreased significantly by 3.7 points on average over the total time on-study (n=44; 95% CI=−7.3, −0.2; p=0.04); nausea and vomiting worsened significantly (mean change=5.4; 95% CI=1.2, 9.6; p=0.01), although these changes were clinically insignificant and were defined as small (subtle but clinically relevant) by Cocks et al. [21] .
No significant changes from baseline were seen in FACT-ES total global health scores (range, 0-180) at any time point. The average change from baseline over the total on-study period was an increase of 1.6 points (n=45; 95% CI=−1.2, 4.3). For the physical well-being subscale (range, 0-28) patients scores decreased significantly by −0.9 points over the total on-study period (95% CI=−1.7, −0.1; p=0.03). Emotional well-being subscale (range, 0-24) scores improved significantly at 1 month by 1.2 points on average (n=44; 95% CI=0.2, 2.3; p=0.02); however, this was not maintained, a similar trend was displayed for the QLQ-C30 emotional functioning scale.
In patients who had clinical benefit at 3 months, QLQ-C30 total global health scores decreased by 1.4 points (n=17; 95% CI=−7.5, 4.8; p=0.64) on average over the time period from 1 to 3 months compared to a decrease of 6.0 (n=27; 95% CI=−10.6, −1.4; p=0.01) in patients who progressed (adjusted difference=2.6; 95% CI=−4.7, 9.9).
DISCUSSION
Anastrozole was associated with clinical benefit at 3 months in 34.6% of asymptomatic women with ROC and GCIG defined CA125 progression after first line chemotherapy. The median duration of clinical benefit was 6.5 months. Anastrozole was well tolerated with main side effects being grade 1 fatigue, hot flushes and arthralgia. Global measures of QoL remained stable while patients were on anastrozole.
Although chemotherapy is not usually administered to asymptomatic patients with ROC with CA125 progression and small volume recurrent disease, it is not uncommon for patients to be prescribed tamoxifen or an AI. The median lead time between CA125 progression and the development of symptoms/requiring chemotherapy in the Rustin study was 4.8 months [16] . The aim of hormonal therapy in asymptomatic patients with CA125 progression is to delay the time to recommence chemotherapy and maintain QoL in these patients who are destined to receive further chemotherapy.
The results of our study are in keeping with the study reported by Bowman et al. [6] , which used letrozole in a similar population of patients. They reported a clinical benefit of 38%, including 5 out of 50 patients with >50% decrease in CA125 and 14 patients with stable disease by CA125 criteria (<25% increase or <50% decrease). The clinical benefit was 34.6% at 3 months in ER + /PR + patients, and 25% in the subset with ER histoscores of 0-100 and 201-300 and 50% in the group with histoscore 101-200. However, contrary to the Smyth et al.'s study [2] , we were unable to demonstrate any relationship between ER histoscore and response/clinical benefit.
There are a number of limitations in our study, including small sample size and ER/PR status for eligibility was based on immunohisto-staining at each institution. Central adjudication of ER/PR nuclear staining and histoscore was done retrospectively on available archival tissue blocks and we cannot confidently exclude a relationship between ER/PR histoscore and response to hormonal therapy.
It is currently hard to predict who will benefit from treatment and the challenge is to look beyond ER and PR to identify predictors of response and clinical benefit. The PFS was longer in patients with a TFI of at least 6 months compared to those with a TFI of <6 months, which reflects the fact that patients with platinum resistant disease have more aggressive cancers and a poorer prognosis.
Importantly, anastrozole was well tolerated and one of the observations in this study was the apparent difference in AI-induced musculoskeletal events in women with ROC compared to these adverse effects reported by women with breast cancer. Studies in women with early breast cancer using adjuvant AIs reported 40%-70% rates of treatment related arthralgia with 20%-30% of patients stopping treatment early due to adverse effects [22] [23] [24] .
There is a good rationale for treating asymptomatic patients with CA125 progression with hormonal therapy to delay the need for further chemotherapy and maintain QoL. Although we found that a subset of patients do appear to benefit from anastrozole, the results of this study raise more questions rather than provide definitive answers. Why is it that only a subset of patients with ER + EOC derive clinical benefit and that the duration of benefit is so much less than in women with advanced breast cancers? With emerging new therapeutics such as CDK 4/6 inhibitors (shown to double PFS in combination with AI) in advanced breast cancer [25] and inhibitors of PI3K/AKT/mTOR pathway (activated in approximately 70% of ovarian cancer) [26] , would the addition of a CDK4/6 inhibitor or an mTOR (mammalian target of rapamycin) inhibitor to an AI be superior to an AI alone? What are the mechanisms of hormone resistance in EOC? Given the increased interest in and the potential importance of personalized targeted therapies we will continue to explore these questions in the subsequent PARAGON 2 trial, with a greater emphasis on translational research and the collection of tumor specimens where possible at recurrence and progression.
